Background: Switching a thymidine analogue to a non-thymidine analogue or changing to a nucleoside-sparing regimen has been shown to partially reverse peripheral lipoatrophy. The current study evaluated both approaches.
Introduction
HIV lipodystrophy is characterized by the accumulation of fat in the abdomen and other regions of the body (lipoaccumulation) and by the loss of subcutaneous adipose tissue (lipoatrophy) of the extremities, buttocks and face. 1 The initiation of thymidineanalogue-based antiretroviral treatment is characterized by initial gains in limb and abdominal fat, followed by progressive limb fat loss. 2, 3 Lipoatrophy is the most characteristic morphological change associated with the treatment of HIV infection and the one with the most profound metabolic and psychological impact for the patient. 4, 5 Although a clear understanding of all the causes that underlie the development of this problem is still lacking, associations have been seen with a series of host-related factors, including age, 6 -10 gender, 8, 9 race, 7,10,11 baseline body mass index, 7, 11 diet, exercise 12 and genetic factors. Treatment-related factors are also a significant contributor of lipoatrophy, as this problem is more frequently associated with the use of particular nucleoside combinations (especially stavudine) and protease inhibitors 3, 6, 8, 11, 13, 14 and the duration of treatment. 6,9 -11,14 Other contributing factors include the duration of HIV infection, the severity of immune depletion 6, 7, 11, 15 and the magnitude of immune reconstitution. 16 Although the new antiretroviral regimens seem to be less prone to induce the development of these problems, long-term follow-up is still limited. 17 Many patients who started antiretroviral treatment in the late 1990s and early 2000s are living with this complication. Cross-sectional studies estimate the prevalence of HIV lipoatrophy to be 30% to 50%, 4, 6 although these estimates suffer from the lack of a universally accepted definition in spite of numerous attempts to develop one. 18 Current therapeutic options include surgery, 19 -21 switch to a less toxic antiretroviral regimen 22 -25 and potentially uridine supplementation. 26 In general, studies have not compared different strategies.
The primary objective of AIDS Clinical Trial Group (ACTG) A5110 was to investigate whether highly active antiretroviral therapy-associated peripheral fat wasting in subjects with maximal suppression of HIV-1 RNA is reversible by discontinuation of the thymidine analogue and substitution with abacavir, or by a change to a nucleoside analogue-sparing regimen.
Methods
ACTG A5110 was a prospective, restrictively randomized, openlabel, controlled pilot study of two interventions to reverse HIV lipoatrophy (ClinicalTrials.gov identifier: NCT00028314). The first intervention involved thymidine analogue substitution with abacavir. The second intervention involved the discontinuation of the current antiretroviral therapy regimen and a change to a nucleoside analogue-sparing regimen. The study was approved by the local Institutional Review Board of all of the institutions and all participants provided informed consent. HLA B5701 status was not determined before enrolment.
Participants
A5110 enrolled subjects with self-reported peripheral fat wasting, including atrophy of the extremities since the initiation of highly active antiretroviral therapy with plasma HIV-1 RNA 500 copies/ mL receiving zidovudine-or stavudine-containing regimens. The subjects were restrictively randomized into the following four arms in a 2:2:1:1 ratio (Figure 1 ). Randomization was stratified for receipt of stavudine versus zidovudine at entry. The purpose of this design was to have a control group to help assess the relevance of within-arm changes after switching treatment in all participants. We assumed that the population of subjects that delayed switching would be similar (at the time of their switch) to the population of subjects that switched at week 0. Subjects who had received abacavir before entry were eligible for the study (n¼ 11), but were assigned directly to arms B1 and B2, the nucleoside-sparing arm. Subjects who were intolerant to or failed therapy with lopinavir/ritonavir or nevirapine or who had to remain on lamivudine for hepatitis B therapy were randomized directly to one of the abacavir arms (n¼9).
After the results of the MITOX study 22 were presented demonstrating that the discontinuation of thymidine analogues was associated with improvements of limb fat in subjects with lipoatrophy, it was considered unethical to delay the switch of antiretrovirals in patients with lipoatrophy and the delayed switch arms were discontinued by immediately switching the subjects in the first 24 weeks on those arms to their respective abacavir or LPV/rþNVP arms (version 3.0). As a consequence of this amendment, the targeted sample size was reduced from 150 to 100 subjects.
Measurements
Every 24 weeks, mid-thigh computer tomography (CT) (midpoint of the left femur) and abdominal CT scans (at the interspace between L4 and L5) were acquired using a standardized ACTG protocol and read centrally at Tufts University by a single technician who was unaware of the patient assignment. Fasting blood was obtained and metabolic parameters were measured at the same timepoints. Nucleoside-sparing Switch to LPV/r + NVP Switch to LPV/r + NVP Switch D4T or ZDV for ABC Figure 1 . Design of the study. Individuals were randomized to A1, B1, A2 or B2. The assumption was that the population of subjects that delayed switching would be similar at the time of their switch to the population of subjects that switched at randomization, so groups A2 and B2 would be added to A1 and B1 for the 'combined design' using the week 24 evaluations as their baseline evaluation for this analysis. w, week; D4T, stavudine; ZDV, zidovudine; ABC, abacavir.
Fasting assays were performed at Quest Diagnostics Incorporated (Baltimore, MD, USA) on specimens stored at 2708C. Plasma glucose concentrations were measured on specimens stored in sodium fluoride/potassium oxalate using a hexokinase technique. Plasma insulin concentration was measured on heparinized specimens by a two-site chemiluminescent enzyme-labelled immunometric assay using a technique insensitive to proinsulin (DPC Immulite 2000; Quest Diagnostics). Total cholesterol, high density lipoprotein (HDL) cholesterol and triglycerides were measured using enzymatic techniques. Low density lipoprotein (LDL) cholesterol was calculated by the Friedewald equation and not measured directly, so non-HDL cholesterol is presented (calculated as total cholesterol minus HDL cholesterol). Mitochondrial DNA and RNA copies per peripheral blood mononuclear cell (PBMC) were measured in frozen samples by PrimaGen Inc. (Amsterdam, The Netherlands) using their nucleic acid sequence-based amplification (NASBA)-based assay (Retina TM Mitox assay, Primagen Inc.).
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Plasma HIV-1 RNA was measured by the UltraSensitive Roche Amplicor TM HIV-1 Monitoring Assay. CD4 T cell counts were quantified using flow cytometry.
Statistical analysis and considerations
The primary endpoint of the study was the percentage change from baseline in thigh subcutaneous adipose cross-sectional area as measured using CT scanning at 24 weeks. Secondary endpoints included changes in subcutaneous and visceral fat in the abdomen; metabolic parameters, including lipids, glucose and mitochondrial metabolism; and safety (adverse events and virological failure).
Fifty subjects per arms A and B were required to detect a 30% difference from baseline in thigh subcutaneous adipose tissue cross-sectional areas within arms at 24 weeks. This calculation was based on the use of a one-sample t-test and then adjusted using Pitman efficiency (0.864) for use with a Wilcoxon non-parametric test with two-sided a¼0.05 and 80% power. The study had limited power to detect between-arm changes, but the comparisons were planned.
Two types of analyses were performed for this study: (i) a primary analysis based on the 'three-arm design'; and (ii) an analysis based on a 'combined design'. In the 'three-arm design', data from A2/B2 subjects before they switched treatments were combined into a single control arm to represent the natural history of continued stavudine/zidovudine use. In the 'combined design', data from A2/B2 subjects after they switched treatment were combined with data from the A1 and B1 arms, respectively. As the assumption that metabolic and CT parameters would not change during the first 24 weeks in individuals who delayed the switch was confirmed, and the delayed arms were closed after the publication of the MITOX study, 22 we preferentially present the results of the 'combined design'. The week 24 evaluations in the delayed arms (A2/B2) are considered to be the baseline for the combined design ( Figure 1 ). The analysis presented is intent to treat. The subjects who were restrictedly assigned to the treatment arms were included in the analysis. Sensitivity analyses using a last observation carried forward were conducted to evaluate the impact of missing data.
Descriptive statistics are presented to describe the study sample. Fisher's exact test was used to assess associations between categorical variables. Within-arm evaluations are performed using Wilcoxon signed-rank tests and between-arm comparisons are performed using Kruskal-Wallis tests. Graphical methods are used to illustrate trends. Spearman's correlation is used to assess correlation between continuous variables. All significance testing is performed at the a ¼0.05 level.
Results
One hundred and one subjects were enrolled between May 2002 and April 2004 (Table 1) . Participants were 85% male and 69% white, with a median age of 46 years. Seventy-seven subjects were on stavudine at entry and 24 on zidovudine. Five participants discontinued the study before completion: three in the LPV/rþNVP arm and two in the abacavir arm.
There was no evidence of clinically significant differences for demographics, CD4 T cell count and HIV-1 RNA, and the metabolic parameters including fasting glucose, insulin, HDL, non-HDL and total cholesterol, triglycerides or mitochondrial RNA/DNA copies (Table 1 ) among the three arms at baseline. For the combined design, median baseline CD4 T cell count was 592 cells/mm 3 for the abacavir arm and 603 cells/mm 3 for the LPV/rþNVP arm.
In the three-arm design, visceral adipose tissue (VAT) was higher in the abacavir arm (142 cm 2 ) versus the delayed arm (94 cm 2 ) and the LPV/rþNVP arm (115 cm 2 ). Otherwise, there was no evidence of significant differences in other CT scan measurements among the three original arms. For the combined design, there was no evidence of significant differences in the above baseline measurements between the two treatment arms.
As the delayed arms were closed after the presentation of the MITOX study (see the Methods section) and there were no significant changes in CT measurements or in glucose, lipid and other metabolic parameters between weeks 0 and 24 among individuals that delayed the change in the antiretroviral regimen, the results from the combined design (Figure 1 ) are presented unless stated otherwise. These results include changes in all individuals for 48 weeks after the switch.
Subcutaneous thigh fat increased significantly in LPV/rþNVP at week 24. Subcutaneous thigh fat increased significantly for both interventions at week 48. At week 24 with the 'three-arm design', the median percentage changes were 23% [interquartile range (IQR) 212% to 11%, P¼0.66] in the continuation arm, 0% (IQR 211% to 16%, P¼0.57) in the abacavir arm and þ8% (IQR 211% to 31%, P¼0.08) in the LPV/rþNVP arm. For the combined design at 24 weeks, the median percentage changes were 2% (IQR 28% to 15%, P¼0.40) in the abacavir arm and 8% (IQR 210% to 28%, P¼0.02) in the LPV/rþNVP arm. Forty-eight weeks after the switch, subcutaneous thigh fat increased by 18% (P,0.01) in the abacavir arm and by 17% (P,0.01) in the LPV/rþNVP arm, but these increments were not significantly different between the arms (Table 2 and Figure 2) .
SAT area also increased significantly at weeks 24 and 48 in both arms (Table 2 and Figure 2 ). VAT area decreased significantly at weeks 24 and 48 in the abacavir arm (week 24: 214%, P, 0.01; week 48: 215%, P ¼ 0.04) ( Figure 2) ; conversely, changes over time in VAT in the LPV/rþNVP arm were not significant. The VAT:total adipose tissue (TAT) ratio decreased significantly in both arms of the study at weeks 24 and 48 after the switch (Figure 2) .
The participants had a significant improvement in selfperception of subcutaneous fat as a group using the validated ACTG body image questionnaire, although the improvement in self-perception did not correlate with objective improvements in fat measurements by CT scan. On a scale of 1-4, 61% of the participants reported no changes or improvements in selfperception of subcutaneous leg fat at week 48 of the study versus only 15% at baseline (P, 0.0001, no difference between arms); however, there was no correlation between the perceived changes in the subcutaneous fat in the legs and the objective changes by CT scan (Spearman r ¼0.0001, P ¼ 0.98).
There were minimal statistical differences in glucose levels at week 24, and no difference at weeks 8 and 48 within or between arms. There were significant decreases in insulin levels in the LPV/rþNVP arm at weeks 8, 24 and 48. Insulin levels were not significantly different between arms over time ( Figure 3) .
Overall, lipids tended to increase in the LPV/rþNVP arm, but changes were clinically irrelevant in the abacavir arm (Figure 4) . Non-HDL cholesterol increased significantly in the LPV/rþNVP arm (median at week 48 þ20 mg/dL, 11%, within arm P ¼ 0.01) and did not change in the abacavir arm (between arm P ¼ 0.028).
Total cholesterol changes paralleled non-HDL cholesterol changes, with stable values in the abacavir arm and modest increases in the LPV/rþNVP arm (þ24 mg/dL or 12% increase at week 48, within arm P,0.001). At week 48, total cholesterol levels were .240 mg/dL in 19/45 (42%) subjects on LPV/rþ NVP versus 10/43 (23%) in the abacavir arm. Triglycerides increased more in the LPV/rþNVP arm initially, but after week 24, they tended to decline slightly. At week 48, they had increased by a median value of 56 mg/dL (21%) in the LPV/rþNVP arm and decreased by 6 mg/dL (21%) in the abacavir arm (between arm P ¼ 0.006). At that time, 27% of the participants in the LPV/rþNVP arm had triglyceride levels .500 mg/dL compared with 14% in the abacavir arm. HDL cholesterol Unless stated, the values represent median (IQR). Hx IVDU, history of intravenous drug use. There were no statistical differences between the treatment arms except for VAT, which was higher in the abacavir arm ( a P, 0.05). There were no significant differences between the arms in the 'combined' design. The total weeks of stavudine and zidovudine exposure were calculated as a median (IQR) for the whole group at the time of step 2 randomization. increased modestly in both arms (median 3 mg/dL at week 48, within arm P ¼ 0.01 and P ¼ 0.05, respectively). After 48 weeks, 38% and 42% had HDL cholesterol levels .40 mg/dL in the LPV/rþNVP and abacavir arms, respectively.
Mitochondrial RNA copy number decreased significantly after 48 weeks in both arms, median¼2788 copies/cell in the abacavir arm and 2379 copies/cell in the LPV/rþNVP arm (both P, 0.01; Figure 5 ). Mitochondrial DNA copy number tended to increase more in the lopinavir/ritonavir arm [median¼50 copies/cell (P, 0.01)] than in the abacavir arm [median¼19 copies/cell (P ¼ 0. 19)] . No significant correlations between changes in subcutaneous fat area and changes in PBMC mitochondrial DNA or RNA copy number were noted.
CD4 T cell count increased significantly in the LPV/rþNVP arm (þ58 cells/mm 3 at week 48, P ¼ 0.03), but changes were Figure 3 . Median glucose and insulin in the combined group. *Significant within-arm change from baseline (P,0.05).
† Significant between-arm change difference (P,0.05). ABC, abacavir. not significant [210 cells/mm 3 (P ¼ NS)] in the abacavir arm. From the virological perspective, the switch was safe: there were four virological failures (two in each arm). LPV/rþNVP had a significantly shorter time to grade 3 or higher toxicity (P ¼ 0.007), most of it related to high triglyceride levels, but discontinuation rates were similar for both interventions. There were no abacavir hypersensitivity reactions.
Discussion
In spite of the improvements and better safety profile of the newer antiretroviral regimens, limb and facial lipoatrophy persist among HIV-infected individuals receiving antiretroviral therapy. The options to manage lipoatrophy are limited in the developing world, where drugs such as stavudine are still part of the most frequently used antiretroviral regimens because of their efficacy, relatively low costs as generics and the absence of haematological toxicity. Some small studies have suggested that lowering the dose of stavudine might be the only therapeutic alternative in this particular situation. 28 Fortunately, the number of therapeutic options has increased in the developed world. Facial injections of polylactic acid 19 and most recently calcium hydroxylapatite 29 have resulted in cosmetic improvements; however, the only treatment strategy that has resulted in modest but statistically significant improvements of limb fat has been switching thymidine analogues to abacavir 22, 30, 31 or tenofovir. 23 Two studies that evaluated the effects of switching an antiretroviral regimen to a regimen that does not include nucleoside analogues have reported promising results. 24, 25 Our study evaluated both switching strategies (thymidine-sparing versus non-nucleosidecontaining regimen). Our findings indicate that after 48 weeks both strategies significantly and similarly increased subcutaneous fat area in the thigh and abdomen. Both strategies reduced the VAT:TAT ratio, and abacavir switch was associated with a reduction in the absolute area of visceral fat. The changes in visceral fat may have an impact on the long-term cardiovascular risk of these individuals, although they have to be evaluated in conjunction with the changes in lipid parameters.
Fasting glucose and insulin levels were not adversely affected by either switch strategy. The switch to LPV/rþNVP was associated with significant increases in lipids including triglycerides, non-HDL cholesterol and HDL, which might warrant caution, especially in certain populations with an elevated cardiovascular risk.
Both switches were virologically safe. The demonstration of the safety of regimens that do not include a nucleoside analogue is important because it represents a possible alternative for patients with lipoatrophy and antiretroviral options restricted by the previous development of resistance. The results of our study in this regard are consistent with the recently presented treatment-naive trial A5142, which demonstrated that the virological outcomes of a regimen of lopinavir/ritonavir and efavirenz were similar to the outcomes of a regimen of two nucleoside analogues with efavirenz. 32 Nonetheless, the particular combination that we used in this trial was associated with increases in lipid fractions, especially triglycerides. For patients with low cardiovascular risk, these switches might represent a reasonable option. As new classes of drugs are developed, such as CCR5 antagonists and integrase inhibitors, some of them with favourable metabolic profiles, 33 the selection of combination regimens without nucleosides may become even more attractive.
As mitochondrial toxicity is one of the most frequently proposed mechanisms mediating lipoatrophy, 34 there has been considerable interest in using mitochondrial DNA measurements in PBMCs as predictors or monitoring tools of nucleosideassociated toxicity. So far reports have been conflicting. Cote et al. 35 found that, in some patients, there was a decline in the mitochondrial to nuclear DNA ratio over time before the development of lactic acidosis, one of the most feared complications of antiretroviral therapy. Cossarizza et al. 36 and McComsey et al., 37 in two cross-sectional studies involving HIV-infected children and adults with and without lipoatrophy, found no significant difference in the mitochondrial DNA content of peripheral blood lymphocyte samples and the development of significant fat loss. The main limitation of those studies was their cross-sectional nature. Hoy et al., 38 in the large MITOX trial, found no relationship between mitochondrial DNA measurements and fat improvements after the switch to abacavir. In our study, we observed, as expected, an increase in mitochondrial DNA and a decrease in RNA copy number per cell after the discontinuation of thymidine analogues. The difference between our result and Hoy's may be due to the different methodology used. The measurement of mitochondrial nucleic acid may be useful at the population/study level, as the levels changed in the expected direction in both arms; however, it is important to put those results in perspective as their utility at the individual patient level is more questionable, as the changes in mitochondrial measurement did not correlate with changes in subcutaneous adipose tissue. Confirmation in other studies will clarify the role, if any, of these measurements in clinical practice.
The main limitations of our study are the relatively complex design, the closure of one arm after the results of a successful intervention were presented, the absence of dual energy X-ray absorptiometry measurements that would have allowed us to evaluate whole-body and regional changes in adipose tissue mass and the limited power to evaluate between-arm differences.
In summary, switching stavudine or zidovudine to a nonthymidine analogue or changing to a nucleoside reverse transcriptase inhibitor-sparing regimen is associated with continuous and qualitatively similar improvements in thigh fat area, subcutaneous abdominal tissue (SAT) and VAT:TAT ratio to 48 weeks. Abacavir tended to reduce VAT, while LPV/rþNVP increased CD4 count. Either type of switch will help restore subcutaneous fat in the extremities. The final choice should be based on determining the most appropriate antiretroviral regimen for the given patient, with particular attention being paid to the effect of the regimen on lipid profiles and cardiovascular risk.
